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Abstract 
Microbial enhanced oil recovery (MEOR) is one of the potential methods for extending the life of declining reservoir. 
Microbial consortia from Al-Wusta region, Sultanate of Oman were studied using culture dependant and independent 
methods. Microbial consortia from formation water samples were isolated using enrichment culture and identified using 
denaturing gradient gel electrophoresis (DGGE) and 16S rRNA gene sequencing. Different microbial consortia were 
detected from oil wells and water collection and redistribution station. A total of 33 genera and 58 species were identified 
and all the identified microbes were first report in Omani oil fields. Most of those identified microorganisms were found 
to be anaerobic, thermophilic and halophilic, which have been reported as favourable candidates for in-situ MEOR 
applications. 
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1. Introduction 
Crude oil is one of the main energy sources that are the future of the world economy including the 
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Sultanate of Oman. Due to current decline in oil production, tertiary enhanced oil recovery techniques (EOR) 
are now being applied in Omani oil wells. Currently employed EOR techniques are expensive and 
environmental detrimental compared with the Microbial enhanced oil recovery (MEOR). The indigenous 
bacteria present in an oil reservoir are a significant element in an MEOR process as they may be stimulated 
directly by the addition of nutrients [1]. Therefore, it is essential to understand the microflora of the reservoir 
in order to predict how the microbial population will respond to perturbation by nutrients and other bacteria. 
Oil reservoirs are extreme harsh environments with high temperatures, high salinity, high pressures and strict 
anaerobic conditions. Initially thought to be too extreme to support life, however, various studies over the past 
few years have shown that microbes are found in many oil well environments. Different types of 
microorganism have been detected in oil reservoirs. Microbial studies of such harsh environment have shown 
the presence of a wide range of metabolically diverse hyperthermophilic fermentative bacteria, sulfate 
reducers, acetogens and methanogens from oil reservoirs worldwide [2-4]. Several laboratory investigations 
and field trials have indicated the importance and contribution of the in- situ microorganisms in enhanced oil 
recovery. To understand the biophysical and biochemical activities of microbial communities in subsurface oil 
reservoirs, microbial diversity studies are of great importance. Microflora of the Omani oil fields is not 
studied and hence no information is available and research on MEOR in Oman has not been conducted.  
Therefore, the Wafra oil field of Bahja region in the South of Oman was selected to isolate and identify 
indigenous bacteria with the potential abilities for MEOR. 
2. Experimental procedures 
The study area - Bahja oil field has a sandstone type of reservoir rock, having salinity of 71-78000ppm, 
with bottom-hole temperature of 61-64°C. During oil production the water with oil from the four oil fields is 
separated and collected in Suwaihat gathering station. This water is reinjected during the secondary oil 
recovery in the four oil fields. All samples from Wafra oil wells were collected under anaerobic conditions 
into 10 ml serum bottles containing 8 ml of the sterile media prepared under anaerobic conditions, according 
to the method of Nazina et al., [5].  The inoculated serum bottles were incubated in portable incubator at 60°C 
and were transferred to the laboratory.  
For identification using culture-independent technique, DNA was extracted from randomly collected 
formation water samples using DNA extraction kit according to the manufacturer's instructions (MO BIO, 
USA). Extracted and purified DNA was amplified targeting the 16S rRNA using Premix Taq (TAKARA BIO, 
Japan) and primers (forward EU27f [5'-AGA GTT TGA TCC TGG CTC AG-3'], reverse EU1525r [5'-AAA 
GGA GGT GAT CCA GCC-3']). Amplified DNA in the first PCR was used for the second PCR using GC 
clamped primers (forward EU341f-GC [5'- GC clamp (CGC CCG CCG CGC CCC GCG CCC GTC CCG 
CCG CCC CCG CCC G) -CC TAC GGG AGG CAG CAG-3'], reverse EU534r [5'-ATT ACC GCG GCT 
GCT GG-3']). PCR amplification products were used for the analyses of their microbial community structure 
by DGGE. DGGE was performed at 30-70% gradient at 60°C - -
Rad Laboratories, USA) according to the manufacturer's instructions. The DNA fragments were analyzed by 
the sequencer and the species of dominant microbes were identified. The sequenced DNA fragments were 
compared with similar sequences of reference organisms using the online Blast database search 
(www.ncbi.com). 
For culture-dependent technique, randomly collected formation water samples were injected into sterile 
anaerobic media. The inoculated serum bottles and agar plates were incubated in portable incubator at 60°C 
and were transferred to the lab where they were kept in an orbital shaker incubator set at 60°C and 150 rpm 
for 4 weeks. The pure cultures were isolated by streaking on media agar plates and incubated in anaerobic 
chamber at 60°C for two weeks. After incubation period, DNA was extracted using 'Ultra CleanTM' Microbial 
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soil DNA Isolation Kit (MOBIO labor
Identification of microbes was done by sequencing DNA PCR products and by Macrogen Sequencing Service, 
South Korea. 
3. Results and Discussion 
4. Table 1. Microbial consortia in Wafra Oil Wells as identified by DGGE and 16S rRNA sequencing 
(culture-independent) 
5.  
Closest strains Identity (%) 
Clostridum novyi 81.55 
Desulfotomaculum reducens 84.87 
Desulfotalea psychrophila 
Geobacter uraniumreducens 
87.02 
83.97 
Syntrophomonas wolfei subsp. 
Geobacter uraniumreducens 
92.96 
88.46 
Halomons sp. 96.24 
Petrotoga mobilis 
Petrotoga mexicana 
Petrotoga siberica 
93.28 
91.60 
91.60 
Thermotoga sp. 
Thermotoga elfii 
Thermotoga subterranea 
96.92 
96.92 
96.92 
DGGE profile of 10 Wafra oil wells revealed several bands of 16S rRNA fragments with different 
migration rates. Eight bacterial genera and 11 different species were identified (Table 1). The most frequent 
identified bacteria were Thermotoga sp., Halomonas sp., and Petrotoga sp. followed by Clostridium sp., 
Geobacter sp., and Desulfotomaculum sp. To study culture dependent identification, samples from Wafra oil 
wells were inoculated into growth media. The DNA of the growing consortia was analyzed by a gene 
sequencer. Seven microbial genera and 21 different species were identified (Table 2). The most frequent 
identified bacterial genera were Rhodococcus sp. followed by Petrotoga sp., Diaphorobacter sp., Thermotoga 
sp. and Actinobacterium sp.  
DNA sequencing of microbial consortia from Suwaihat production water as analyzed by DGGE, revealed 
that ten different bacterial genera and 19 species were identified (Table 3). The most frequent genera were 
Clostridium sp. followed by Alkaliphilus sp., Caminicella sp., and Desulfobacterium sp. The lowest % 
frequencies of identity were found in the genera Anoxynatronum sp., Caldanaerocella sp., Firmicutes sp., 
Geosporabacter sp., and Natoronoicola sp. Whereas, using culture dependent method from Suwaihat 
gathering station samples revealed five microbial genera and 5 species (Table 4). The five identified genera 
were Halomonas sp., Crenothrix sp., Methylobacter sp., Burkholderia sp. and Crenarchaeote sp. In addition, 
all the four genera were not found in Suwaihat gathering station by culture-independent technique.  
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Table 2. Microbial consortia in Wafra oil wells identified by Gene sequencer and 16S rRNA sequencing (culture-dependent) 
Closest  strains Identity % 
Uncultured Thermotoga bacterium 99 
Uncultured Firmicutes bacterium 99 
 Rhodococcus coprophilus 99 
Rhodococcus zopfii 99 
Rhodococcus wratislaviensis partial 98 
Rhodococcus tukisamuensis 98 
Rhodococcus phenolicus 97 
Rhodococcus opacus strain DSM 43205 97 
Rhodococcus maanshanensis strain M712 95 
Rhodococcus koreensis 95 
Rhodococcus jostii 95 
Rhodococcus erythropolis strain HS12 94 
Petrotoga sibirica strain SL25 93 
Petrotoga olearia 93 
Petrotoga mobilis SJ95 complete genome 93 
Petrotoga miotherma 92 
Petrotoga mexicana 92 
Petrotoga halophila strain MET-B 92 
Diaphorobacter sp. TPSY, complete genome 92 
Diaphorobacter oryzae strain RF3 92 
Diaphorobacter nitroreducens 92 
Actinomycetales bacterium HPA140 92 
Actinobacterium CH21i 92 
The identified microbial consortia of the Suwaihat gathering station were completely different from the 
microbial consortia identified from the Wafra oil wells. Alkaliphilus sp., Anoxynatronum sp., Caldanaerocella 
sp., Firmicutes sp., Geosporabacter sp., Desulfobacterium sp. and Natoronoicola sp. were found in Suwaihat 
gathering station but not in Wafra oil wells. On the other hand, Chromohalocater sp., Halomonas sp., 
Petrotoga sp., Thermotoga sp., Pelotomaculum sp., Desulfotomaculum sp., Syntrophomonas sp. and 
Bdelovibrio sp. were found in Wafra oil wells but not in Suwaihat gathering station. Yamane et al., [6] 
suggested that the application of culture-independent techniques to petroleum microbiology contributes to a 
more precise characterization of microbial communities in oil reservoirs. However, Aminin et al., [7] 
confirmed that the bacterial community analysis based on culture-independent techniques had limitations, 
since only the predominant species in the habitat may be detected. Different species of microorganisms have 
been identified by either traditional culture-dependent approach or by recent culture-independent techniques. 
Several reports are available in favor of either approach [8-10]. Culture-independent approaches are 
considered more reliable for estimating and completely characterizing the complex structure of microbial 
communities, as a vast number of microbial species are 'non-culturable' on synthetic media using traditional 
methods. Therefore, to study the the diversity of microorganisms both approaches are needed. 
 
251 A.E. Elshafi e et al. /  APCBEE Procedia  5 ( 2013 )  247 – 252 
Table 3. Microbial consortia at Suwaihat gathering station identified by DGGE and 16S rRNA gene sequencing (culture-independent) 
Closest strains Identity % 
Caminicella sp. 97 
Clostridium subatlanticum 93 
Caminicella  sporogenes 92 
Geosporabacter subterraneus 92 
Clostridium halophilum 90 
Firmicutes sp. 90 
Desulfomicro bacteriaceae 90 
Desulfobacterium crinifex 90 
Caldanaerocella colombiensis 90 
Alkaliphilus multivoran  90 
Alkaliphilus metalliredigenes 90 
Alkaliphilus crotonoxidans 90 
Clostridium felsineum 89 
Clostridium formiaceticum 89 
Alkaliphilus auruminator 89 
Anoxynatronum sibiricum 89 
Clostridium elementeitii 88 
Clostridium liforale 88 
Natoronoicola  histidinovorans 87 
Table 4. Microbial consortia in Suwaihat production water identified by Gene sequencer and 16S rRNA sequencing (culture-dependent) 
Closest  strains Identity % 
Burkholderia cenocepacia strain K56-2 95 
Uncultured crenarchaeote clone 95 
Crenothrix polyspora clone 23 90 
Halomonas sp. YIM C736 88 
Methylobacter sp. LW12 88 
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